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^ (54) Title: SCAN BUTTING ERROR REDUCTION IN A RASTER SCAN PATTERN GENERATION SYSTEM 
IT) 

^ (57) Abstract: A method and apparatus are disclosed lor reducing scan butting error in a raster scan pattern generation system. A 
2 pattern to be written on a mask is first pixelized and each pixel is assigned a gray level value describing how much of the pixel is 
^ occupied by a feature to be written on the mask. The ends of each scan are overlapped with the neighboring scans. In each scan, no 
21 pattern data is written to the mask in the lower overlap region of the scan until a blank pixel or a pair of blanks pixels is detected, 
° i e a pixel or pair of pixels that do not contain any part of a feature to be written on the mask. After such a pixel or pair ot pixels 
O ^ detected, the pattern data for each flash is written to the mask until another blank pixel or pair of blank pixels is detected in the 
^ upper overlap region of the scan. No pattern data is written to the mask for the flashes in the scan that are scanned alter the pair of 
^ blank pixels. 
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SCAN BUTTrNG ERROR REDUCTiON* ^RASTER SCAN PATTERN GENERATION 

5 Stephen A. Rishton 

Richard L. Lozes 

BACKGROTfMn 

When producing integrated circuits, typically a photomask is used to form patterns on the 
10 surface of silicon wafers. The photomask, which is also referred to as a mask or reticle, 

conventionally consists of a clear or transparent substrate such as borosilicate or quartz, with a 
thin opaque layer about 100 nm in thickness of chrome and chrome oxides sputter-coated on one 
side of the mask called the active side. The photomask is produced by covering the chrome oxide 

15 trapezoids, on such resist coated substrate, with some form of radiation. The radiation breaks the 
molecular bonds on the resist coating where it contacts and increases the dissolution rate of the 
resist thus exposed, when the resist is subsequently immersed in a suitable developer solution. 
The patterned areas thus formed in the resist, by exposure to the radiation, are removed and the 
chrome film is etched with an acid. After etching the remaining resist is then removed. 
20 The pattern areas in the resist are formed by scanning of an optical or electron beam 

across the active mask face. With an electron beam raster scan pattern generator, a beam of 
electrons is scanned in one direction, termed the "Y direction," while the substrate is moved 
across the electron beam perpendicular to the first direction, termed the "X direction." The 
complete pattern is formed by a combination of the small electron beam displacement and the 
25 much larger stage motion of the substrate. The complete pattern has a series of X-directed stripes 
with the Y-directed electron beam scan. 

The pattern data itself is made up of small segments called pixels. The features cover 
several pixels collectively. These pattern features are written on the mask by turning the writing 
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beam on for the required number of pixels. The electron beam scans a fixed number of pixels in 
the Y direction and then retraces to the beginning of the next scan. The stage is then moved the 
required amount of X displacement and the next scan begins. 

Errors often occur at the boundaries of stripes in the X direction and scans in the Y 
5 direction. Such butting errors can result in features near scan and stripe boundaries that are 

larger or smaller than the coded feature. Typically, the stage cannot be positioned so accurately 
that corresponding scans in two adjoining stripes match perfectly. Thus, features that straddle 
two scans in the Y direction are problematic. The alignment of the stage is not accurate enough 
to allow the straddling feature to be exposed in two separate scans. 
1 o Methods have been proposed to reduce or eliminate such butting errors. An example of 

such a method is presented in U.S. Patent No. 5,766,802, "Photomask" to Skinner. Skinner 
states "writing errors in producing printed circuits are substantially reduced by moving the 
writing scan boundary around a critical feature and thereby eliminating features which extend 

over scan boundary areas " See Skinner, col. 3, lines 39-43. Skinner further states "[t]he 

15 changing of the writing width is accomplished by software which eliminates pattern data in the 
overlap region of the lower portion of each stripe except where a critical feature is located. This 
can also be done mechanically such as by adjusting the shutter on the beam generating device 
and then closing the shutter after the desired feature has been scanned This, in effect, moves the 
small features into the next adjacent scan area," See Skinner, col. 4, lines 28-36. Skinner's 
20 method overlaps adjacent stripes, then deletes pattern data in the overlap region from one strip or 
another such that features appear in only one stripe. This method requires additional data 
processing steps to move the features in the overlap area to one stripe or another. 

SUMMARY 
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A method and apparatus „ dlsclosed for ^ ^ ^ ^ ^ ^ ^ 

P^m generation system. A pa„em ,„ be wrtaen on a mask „ Brs , prized md rach piM| „ 
«W-d a gray „v„ vafue describing how much of th e pixe, is by . feam „ ,„ be 

"rmen on the mask. The pahem ia then dtvided i„,o ove„a pp i ng stripss of ^ Each flash 
5 mciudea one or saver, pUeis. In each scan, no pattern data is written to me nusk in dt. Iow er 
over,appmg seg,o„ of the scan unfl, a flash is detected with a Wank pixe, or pixe,s in the fash or 
m the pixe* immediate* above *. flash . A Uank pbte, is a pixe, «ha, docs no, contain any pan 
of a feature ,o ha writtaaon me mask. The partem data of me flash with the Hankpixe, 
m the flash or direcdy above me flash ia ignored, men the system begins wrting „ e actual 

.0 ^n.da.aforeachfl.h.othemask.begmmngtvith.henextflaa,, 

portion of *. scan, ^ ^ for ^ ^ „ ^ ^ fc ^ ^ > ^ ^ ^ 

^'^^O'P^mtheflaabormmepixeiahm^^^e^^^^ 

da K f,r the fla^adm me biank pixe, or pixeUmrheflaah or above the flash ia^m^ 
mask. The partem dam in me remaining flashes in Are upper overiap region am ignored 

immediately above the flash. 



BRIEF DESCRIPTION OP m ™ 

FIG. 1 illustrates, in a block diagram, a lithography system. 

FIG. 2A illustrates, in a flowchart, a process performed by the flash converter of FIG. 1 
according to one embodiment of the invention. 

FIGS. 2B, 2C, and 2D illustrate, in flowcharts, the process of FIG. 2A in more detail. 
FIG. 3 illustrates a photomask formed according to the process of FIG. 2A. 



20 
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FIG. I depicts a block diagram of a lithography system 100 suitable for implementing the 
present invention. Lithography system iOO is described in more detail in U.S. Patent Application 
Serial No. 09/226,926, filed January 6, 1999, entitled "A METHOD AND APPARATUS THAT 
DETERMINES CHARGED PARTICLE BEAM SHAPE CODES," assigned to Etec Systems, 
5 Inc., and incorporated herein in its entirety by this reference. The lithography system includes a 
rasterizer circuit 102, a buffer circuit 104, a dose value circuit 106, a flash converter 108, a 
shaper/blanker driver 110, and electron beam column 1 12. Flash converter 108 and 
shaper/blanker driver 1 10 are each coupled to receive a clock (timing) signal from clock 1 14. 

Rasterizer circuit 102 first receives (e.g. from a conventional lithography data structure) a 

10 pattern that is to be written onto a substrate 1 1 8 specified by its shape location on the substrate 
(so called "vector format"). Rasterizer 102 then divides the surface of the substrate 118 into a 
grid of pixels and represents each pixel as a "gray level value" which specifies a fraction of the 
pixel's area which includes part of the pattern. Rasterizer 102 outputs each gray level value to 
both buffer 104 and dose value circuitry 106. (The connecting lines in FIG. 1 inside the dotted 

15 lines typically represent multi-line data busses.) Buffer 104 provides gray level values to flash 
converter 108. In one embodiment, flash converter 108 represents each square arrangement (2 
dimensional) of four pixels ("quadrant") as a flash field that may be exposed in one flash cycle 
(hereafter the term "flash field" represents a blank or a shape that electron beam column 112 
writes onto substrate 118). In other embodiments, a flash field may contain only a single pixel or 

20 a flash field may contain multiple pixels. For simplicity, a flash field is also referred to as a 
flash. Flash converter 108 specifies each flash field by shape class and coordinates (shape_x, 
shapely) (hereafter the term "shape data" refers to both shape class and coordinates). Each 
shape class has a shape code, typically a number, which specifies the shape and the orientation of 
the portion of the flash to be written on the mask. Dose value circuitry 106 receives gray level 
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values associated with each quadrant from the rasterizer circuit 1 02 and outputs dose va.ues 
associated with each flash field. 

Shaper/blanker driver 1 10 requests shape data and corresponding dose values (hereafter 
shape data and corresponding dose values are referred together as a "flash data") from respective 
5 flash converter 108 and dose value circuitry 106. In one embodiment, flash converter 108 and 
dose value circuitry 106 provide a flash data to shaper/blanker driver 1 10 approximately every 
10 ns. Shaper/blanker driver 110 converts each flash data to voltage values and provides the 
voltages to control electron beam column 1 12 to write the specified flash field in a proper 
location on the substrate 1 18. In this embodiment, electron beam column 1 12 writes a new flash 
10 neldev er ylOns(hereafter«flashcycle»). For a blank flash, electron beam column 1 12 does not 
write the electron beam onto substrate 1 18. An ion beam column or other energy beam (e.g., 
laser) may be substituted for column 1 12. 

Rasterizer 1 02 divides a pattern into a grid of pixels and represents each pixel as a "gray 
level value" which specifies a fraction of the pixel's area which includes part of the pattern. In 
15 one embodiment, the gray level value may range from 0 to 16. A gray level value of 0 indicates 
that the pixel is blank, i.e. that the pixel includes no portion of a feature and thus none of the 
pixel is exposed. A gray level value of 1 6 indicates that the entire pixel is included in a feature 
and thus the entire pixel is exposed. The number corresponding to a gray level value is assigned 
arbitrarily. 

20 The grid representing the pattern is divided into horizontal stripes, which are further 

divided into vertical scans. In one embodiment, a stripe is 8192 pixels high. In one 
embodiment, each vertical scan is a series of flashes of four pixels arranged in a square, i.e. two 
pixels wide by two pixels high. In another embodiment, each vertical scan is a series of flashes 
of a single pixel. The stripes overlap. In one embodiment, the overlap region is 320 pixels high. 
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Thus, the top and bottom 320 pixels of each stripe overlap with the stripe above and the stripe 
below. 

FIGS. 2A-2D illustrate the process performed by flash converter 103 of FIG. 1 in more 
detail. Flash converter 108 receives gray level values from buffer 104 for one flash of pixels at a 
5 time, then converts the gray level values to a single shape code for each flash, then sends the 
shape data to shaper/blanker driver 110. In FIG. 2A, for each scan in a stripe, flash converter 
108 first converts the gray level values of flashes in the lower overlap region of the scan in stage 
12, then converts the gray level values of flashes in the center of the scan in stage 14, then 
converts the gray level values of flashes in the upper overlap region of the scan in stage 16. An 
10 example of a flash converter and the conversion of gray level values to shape data are described 
in more detail in "A METHOD AND APPARATUS THAT DETERMINES CHARGED 
PARTICLE BEAM SHAPE CODES." Flash converter 108 may be hardwired logic that 
performs process 10 or flash converter 108 may be a computer executing a software form of 
process 10. 

15 In an embodiment where each flash is four pixels arranged in a square, in the lower 

overlap region, no pixels are written until flash converter 108 detects a horizontal pair of zero 
gray level value pixels. After such a pair is detected, the flashes are written normally. In the 
upper overlap region, flashes are written until flash converter 108 detects a horizontal pair of 
zero gray level value pixels. After such a pair of pixels is detected, no more flashes are written 

20 in the upper overlap region of the scan. Thus, in an overlap region between two stripes, all 
features below the first horizontal pair of zero gray level value pixels are written in the upper 
overlap portion of scans in the lower stripe, and all features above the first pair of horizontal zero 
gray level value pixels are written in the lower overlap portion of scans in the upper stripe. In an 
embodiment where each flash is a single pixel, a flash with pixel of zero gray level value starts 

25 writing in the lower overlap region and a flash with a pixel of zero gray level value ends writing 
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in the uppw overlap region . FI0S . , B _ 2Q ..^ ^ ^ ^ ^ ^ ^ 

pixels arranged in a square. 

FIG. IB itanaes stage I2 of FIG. 2A, , h . conversion of gray , evd values t0 shape ^ 

5 receives ftotn buffer ,04 gray ieve, values for each pixel of a flash of a scan. Fiasa converter 
108 also receives gray ,ev„ values fo, the pixels sunning the flash . ^ ^ 
.eve, values are used «o detemtine dte shape exposed or. the mask for «he flash. For flashes i„ .he 
overlap region, flash convener ,08 also decides to write the flash or nor based on the gray leve , 
values of Una flash and flno gray ,.ve, vainos in the pixels ahove flna flash. Hash converter ,08 
■0 checks in stege 22 if the flash or the two pixels above rha flash contain a horizonta, pair of 

pt*els,eachwturagray level valueofzero. If the flash or the ,„„ pixels above.be flash do no, 
indnda a horizontal pah of zero gray-valne pixels, a shape coda for a blank flash is son, to 

or in the pixels above the flash, Una partem contained in the flash in ignored and norhing is 
15 ^»****.**.* m >K*. ai +***.t rm « mlmn ^ pnooess then 
rchtms ,o sage 20 and the next set of gray ,eve, values are received by flash converter ,08. Al, 
flashes are rte^ed aa blank flaahes until flash converter ,08 receives a flash with a pais of zero- 
value pixels in the flash or in the two pixels above the flash. 

If thete is a horizontal pair of zero gray level value pixels in the flash or in the two pixels 
20 ahove the flash, the cwrant flash la heated as a blank flash in stege 24. After flash converter 108 
receives a flash with a horizontal pair of zeros in the flash or in Are two pixels above the flash, all 
flashes after ftash » treated notmally according to FIG. 2C, ,.=. the proper shape code for 
dr. flash is sen, ,„ shaper/bianker driver 1 10, and th. patent represented by the fhsh is written 
to the ntaak. Thns, when a flash is identified with a horizontal pair of zeroes in the flash „ in the 
25 rtvo pixels above the flash, the da* in tha, flash are ignored and no shape data are written to the 
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mask for that flash, then all the remaining flashes in the lower overlap region are written 
normally, beginning with the next flash. If no flashes with a horizontal pair of zeros in the lower 
half of the flash are detected in the lower overlap region of the scan, all the data in the lower 
overlap region of the scan are ignored. The scanner writes data beginning with the first flash 
5 above the lower overlap region. 

The first flash in the lower overlap region must be handled differently from the other 
flashes in the lower overlap region. The flashes must be handled such that the upper overlap 
region of a scan and the lower overlap region of the scan above are consistent, i.e. so all flashes 
are exposed either the upper overlap region of the lower scan, or in the lower overlap region of 

1 0 the upper scan, not both. The handling of the first flash in the lower overlap region is illustrated 
by FIG. 3. FIG. 3 illustrates an example of a photomask formed according to an embodiment of 
the present invention. Portions of two stripes are shown, lower stripe 81 and upper stripe 82. 
Stripes 81 and 82 overlap in region 80. Each stripe is divided into vertical scans, scans 61-71. 
Of course, FIG. 3 is merely illustrative, as FIG. 3 shows an overlap region that is only two 

1 5 flashes wide, while a typical overlap region may be 320 flashes wide. For simplicity, each flash 
in FIG. 3 is referred to by its row number and column number, thus the flash in row 44 and 
column 61 is referred to as flash 44,61. The first flashes in the lower overlap region of stripe 82 
are in row 44.. 

There are four possible cases for the first flash in the lower overlap region, illustrated by 
20 FIG. 3: first, the first flash has four pixels with nonzero gray level values, illustrated by pixel 
44,67; second, the first flash has four pixels with zero gray level values, illustrated by pixel 
44,65; third, the first flash has a horizontal pair of zero gray level value pixels in the lower half 
of the flash and nonzero pixels in the upper half of the flash, illustrated by pixel 44,61; and 
fourth, the first flash has a horizontal pair of zero gray level value pixels in the upper half of the 
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flash and nonzero pixels in the lower half of the flash, illustrated by pixel 44,64. Only the third 
case must be handled differently from the process described in FIG. 2B. 

Dotted line 83 illustrates the first horizontal pair of zero gray ,evel value pixels 
encountered in the overlap region foreachscan. No features m the overlap re gl on below the first 
5 horizontal pair of zeroes in each sea, should be written in upper stripe 82. Thus, features 91 and 
92 should be written in scans in upper stripe 82, while features 93 and 94 should be written in 
scans in lower stripe 8 1 . As a result, flash 44,6 1 , illustrating the third case, should be written in 
upper stripe 82. However, according to the process described in FIG. 2B, flash 44,61 would not 
be written in the lower overlap region of upper stripe 82 because flash converter 108 would 
10 detect a horizontal pair of zeroes in the flash in stage 22, then send blank shape code data to 
shaper/blanker driver 1,0 in stage 24. If flash 44,6, contained the first horizontal pair of zero 
gray level values and was located above the first pixel in the lower overlap region, flash 44,61 
would be written because according to the process described in FIG. 2B, when the flash before 
flash 44,61 was received in stage 20 and checked for a pair of horizontal zeroes, flash converter 
15 108 would detect the horizontal pair of zeroes just above that flash, i.e. the horizontal pair of 

blank flash data for the flash below flash 44 fil th™ n • • „ , 

ow uasn 44 ' 01 ' toen wnte all remaining flashes in the lower 

overlap region normally in stage 26 of FIG. 2B, beginning with flash 44,61. 

There are several ways to avoid mishandling a first flash in the lower overlap region such 
20 as flash 44,61. In one embodiment, for the first flash in the lower overlap region only, flash 

converter ,08 checks for a horizontal pair of zeroes in the lower half of the first flash. Ifthereis 
a horizontal pair of zeroes in the lower half of the flash, flash converter 108 writes all the flashes 
in the lower overlap region normally according to the process described in FIG. 2C. If there is 
not a horizontal pair of zeroes in the lower half of the flash, flash converter 108 treats the flash 
25 according to the process described in FIG. 2B. In other embodiments, flash converter 108 
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receives the gray level values for the flash below the first flash in the lower overlap region, 
ignores data contained in the flash below the first flash, and begins writing with the first flash in 
the lower overlap region if flash converter 108 detects a horizontal pair of zeroes in the pixels 
just above the flash below the first flash in the lower overlap region. 
5 FIG. 2C illustrates stage 14 of FIG. 2A, the conversion of gray level values to shape data 

for flashes in the center of a scan, in more detail. The center of the scan refers to all the flashes 
in the scan that come after the first flash in the lower overlap region with a pair of zero-value 
pixels in the lower half of the flash, as well as all the flashes in the scan do not fall in the upper 
or lower overlap regions of the scan. In stage 1 7, flash converter 108 receives a set of gray level 

10 values for the pixels in each flash. In stage 18, the gray level values are represented as shape 
data for the flash. In stage 19, the shape code data are provided to shaper/blanker driver 1 10. 

FIG. 2D illustrates stage 16 of FIG. 2 A, the conversion of gray level values to shape data 
for flashes in the upper overlap region of a scan, in more detail. In stage 3 1 , flash converter 1 08 
receives the gray level values of the pixels of a flash in the upper overlap region. In stage 32, 

1 5 flash converter 1 08 checks if there is a horizontal pair of pixels each with a gray level value of 
zero in the flash or in the pixels immediately above the flash. If there is no horizontal pair of 
pixels each with a gray level value of zero in the flash or in the pixels immediately above the 
flash, the pattern in the flash is represented as a shape code in stage 34. In stage 35, the shape 
code data are provided to shaper/blanker driver 110, then the process returns to stage 31, where 

20 flash converter 108 receives the next gray level values for the pixels in the next flash in the upper 
overlap region. 

If there is a horizontal pair of pixels each with a gray level value of zero in the flash or in 
the pixels immediately above the flash, flash converter 108 provides shape data for the current 
flash to shaper/blanker driver 1 10 in stage 33, then provides blank flash shape data to 
25 shaper/blanker driver for each of the remaining flashes in the upper overlap region in stage 36. 
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Thus, once a flash with a pair of zero gray level value pixels in the flash or in the p.xe.s above 
the flash, the pattern data for that flash is written to the mask, then the pattern in all the 
remaining flashes in the upper overlap region is ignored and blank shape data for each remaining 
flash is sent to shaper/blanker driver 1 10. In one embodiment, the scanner scans all the 
5 remaining flashes in the upper overlap region and provides blank shape data to shaper/blanker 
driver 1 10 for all remaining flashes. In another embodiment, upon detecting a flash with a pair 
of zero gray level value pixels, the scanner simp.y ignores all the remaining flashes in the upper 
overlap region and returns to the bottom of the scan to begin the next scan. 

Similar to the lower overlap region, the first flash in the upper overlap region must be 
10 treated differently. In one embodiment, flash converter 108 checks the first flash in the upper 
overlap region for a horizontal pair of zeros in the lower half of the flash. If the first flash has a 
horizontal pair of zeros in the lower half of the flash, blank flashes are written to the mask for all 
flashes in the upper overlap region of the scan. If the one of the pixels in the lower half of the 
first flash is nonzero, the flash is treated according to the process described in FIG. 2C. In 
1 5 another embodiment, when writing the last flash before the upper overlap region, flash converter 
1Q8 looks for a pair of zero gray level pixels immediately above the last flash before the upper 
overlap region. If there is such a pair above the last flash before the upper overlap region, blank 
data is written to the mask for all the flashes in the upper overlap region. 

In an embodiment where each flash contains only a single pixel, in the lower overlap 
20 region, no data are written for each flash until a flash with a zero gray level value is detected. 
The data in the flashes in the lower overlap region after the zero gray level value pixel and the 
data in all the flashes in the nonoverlapping region are then written normally according to the 
process described in FIG. 2C. In the upper overlap region, the data in the flashes are written 
normally until a flash is detected with a zero gray level value. The data in all the flashes in the 
25 upper overlap region after the zero gray level value are ignored. 
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FIG. 3 illustrates a mask formed by the processes described in FIGS. 2B-2D. Overlap 
region 80 forms the upper overlap region of stripe 81 and the lower overlap region of stripe 82. 
For the scans in lower stripe 81, the flashes in rows 41-43 of the scans in stripe 81 are not in the 
overlap region and are therefore converted from pixel gray level values to shape data in stripe S 1 
5 according to the process described in FIG. 2C. The flashes in overlap region 80 in each scan of 
lower stripe 8 1 are converted according to process 16 described in FIG, 2D and the rules for 
handling the first flash in the overlap region. Thus, for the first scan 61, flash 44,61 is the first 
flash in overlap region 80, The lower pixels of flash 44,61 both have a gray level value of zero 
and the upper pixels of flash 44,61 each have a nonzero gray level value, therefore flash 44,61 

10 represents the third case for a first flash in the overlap region and must be handled differently 

from the process described in FIG. 2D. The data in flash 44,61 and all the flashes above it in the 
overlap region are ignored in scan 61 of stripe 81. 

The substrate is then repositioned for the next scan, scan 62. After writing the flashes in 
the non-overlapping region to the mask, the scan reaches the first flash in the overlap region, 

1 5 flash 44,62. Flash 44,62 is the first flash in scan 62 in the upper overlap region, thus flash 44,62 
checked for a horizontal pair of zeros in the lower half of the flash and nonzero pixels in the 
upper half of the flash. Since flash 44,62 has a horizontal pair of zeros in the lower half of the 
flash, the data in flash 44,64 and every other flash in the upper overlap region of scan 62 are 
ignored and blank pattern data are written to the mask for those flashes. Thus, for all the flashes 

20 in the overlap region in scans 62 blank shape code data are sent to shaper/blanker array 110. The 
substrate is then repositioned for the next scan, scan 63. The flashes in the upper overlap region 
of scan 63 are treated similarly to the flashes in the upper overlap regions of scans 61 and 62. 

Flash 44,64 is the first flash in the overlap region of scan 64. Flash 44,64 has a pair of 
nonzero gray level value pixels in the lower half of the flash, thus flash 44,64 is not an special 

25 case overlap region first flash. Accordingly, flash 44,64 is treated according to the process 
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described in FIG. 2D. In stage 32, flash 44,64 and the pixels above the flash are checked for a 
pa:r of horizontal gray level value pixels. Flash 44,64 contains a horizontal pair of gray value 
Pixels, thus the actual shape data for flash 44,64 are provided to shaper/blanker driver in stage 33 
of FIG. 2D. In stage 36, the data in all the remaining flashes in the overlap region of scan 64 are 
5 ignored. 

Overlap region 80 forms the lower overlap region of stripe 82. The first flashes in the 
overlap region for scans 61-63 are each a special case overlap region flrst flash. Thus, each of 
these flashes is checked for a pair of horizontal zero gray level value pixels in the lower half of 
the flash and nonzero pixels in the upper half of the flash. Since each of flashes 44,61, 44,62, 
10 and 44,63 has a pair of horizontal zeros in the lower half of the flash and nonzero pixels in the 
upper half of the flash, each of these flashes is the first flash written in the lower overlap region 
of its respective scan. Thereafter, each flash in the lower overlap region and in the 
nonoverlapping region in each scan is treated according to the process described in FIG. 2C. 

Flash 44,64 is the first flash in the lower overlap region of scan 64. Flash 44,64 does not 
15 have a pair of horizontal zeroes in the lower half of the pixels and nonzero pixels in the upper 
half of the pixel, thus flash 44,64 is treated according to the process described in FIG. 2B. Since 
flash 44,64 has a pair of zero gray value pixels in the flash, the pattern data in flash 44,64 are not 
written to the mask, shown in stage 24, but all remaining flashes in the lower overlap region of 
scan 64 are written to the mask, shown in stage 26. 
20 According to the embodiment described in FIGS. 2B-2D, data in the lower overlap region 

of a scan are ignored until a flash with two zero gray level value pixels in the flash or in the 
pixels above the flash is detected. After a flash with a pair of horizontal zero gray level value 
pixels in the flash or above the flash is detected, that flash is ignored but all the flashes remaining 
in the lower overlap region and all the flashes in the center, nonoverlapping region of the scan 
25 are written to the mask. The flashes are written in the upper overlap region of the scan until a 
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flash with a pair of horizontal zero gray level value pixels in the flash or in the pixels above the 
flash is detected. After such a flash is detected, that flash is written, but all the flashes in the 
upper overlap region above that flash are ignored and no data is written. Thus, each flash is 
written only once. In an overlap region, a boundary line of zero gray level value pixels detected 
5 in stage 22 of FIG. 2B and stage 32 of FIG. 2D determines which flashes are written in the upper 
overlap region of a lower scan or the lower overlap region of an upper scan. Dashed line 83 of 
FIG. 3 represents the boundary between features written in upper stripe 82 and features written 
in lower stripe 81, according to FIGS. 2B-2D. Thus, all features in the overlap region above line 
83 are ignored in lower stripe 81 . Blank shape code data are sent to shaper/blanker driver 1 10 
10 for each flash above line 83 in lower stripe 81. Similarly, all features below line 83 are ignored 
in upper stripe 82. Blank shape code data are sent to shaper/blanker driver 1 10 for each flash 
below line 83 in upper stripe 82. 

In the embodiment described above, features in the overlap region of the stripes are 
ignored in one stripe and written in the other stripe. Thus, such features can be written to the 
15 substrate more accurately than if the feature were split between two stripes. In addition, features 
are "moved" into the upper or lower stripe by flash converter 108. Flash converter 108 receives 
gray level data in the overlap region, then converts the gray level values to shape data or ignores 
the gray level values, based on the gray level values. Flash converter 108 can therefore move 
features to the upper or lower stripe while scanning. Therefore, no advance preparation of the 
20 data is required to sort the data into the upper or lower stripe. 

Further, in order to convert a flash's pixels' gray level values to shape data, flash 
converter 108 reads not only the gray level values of the pixel, but also the gray level values of 
the pixels surrounding the flash. Thus, since the embodiment described above does not require 
data to be deleted from scans, it permits accurate conversion of the gray level values to shape 
25 code data. Also, a pattern is typically written on a substrate by scanning more than once. For 
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exampie a pattern may be scanned four umes, with the boundaries between stripes in a different 
Place for each scan. When the pattern is scanned four times, in each scan only a garter of the 
energy necessary to expose the pattern on the substrate is used. Such a technique is time- 
consuming, but results in improved pattern resolution over a pattern that is scanned on.y once, 
5 because any errors associated with the edges of the stripes are averaged over multiple scans. The 
embodiment described above minimizes such stripe-edge associated errors and thus ahows a 
pattern of acceptable resolution to be written in fewer scans or in a single scan. 

Various modifications and adaptations of the embodiments and implementations 
described herein are encompassed by the attached claims. 
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CLAIMS 
We claim: 

1 . In a raster scan lithography system, a method of preparing a mask comprising a 
plurality of features, the mask being represented by a pattern, the pattern comprising a plurality 

5 of overlapping horizontal stripes, the stripes further comprising a plurality of vertical scans, the 
vertical scans further comprising a plurality of flashes in a lower overlap region and a center 
region, each flash representing a portion of the pattern, the flashes comprising at least one pixel, 
each pixel assigned a gray level value describing a portion of the pixel covered by a feature, the 
method comprising: 

10 receiving a first flash in the lower overlap region of a first scan, wherein at least one of a 

pixel in the first flash and a pixel above the first flash is assigned a gray level value indicating no 
portion of the pixel is covered by a feature; 

writing on the mask a flash comprising no portion of a feature in a region of the mask 
represented by the first flash. 

15 

2. The method of Claim 1 .further comprising: 

prior to said receiving a first flash, receiving a second flash in the lower overlap region, 
wherein a pixel in the second flash is assigned a gray value indicating a portion of the pixel is 
covered by a feature; and 
20 writing on the mask a flash comprising no portion of a feature in a region of the mask 

represented by the second flash. 



3. The method of Claim 1 further comprising: 

after said receiving a first flash, receiving a second flash; and 

writing on the mask a portion of the pattern represented by the second flash. 
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10 



4. The method of Claim 1 wherein the vertical scans further comprise a piurality of 
flashes in an upper overlap region, the method further comprising: 

receiving a second flash in the upper overlap region, wherein at least one of a pixel in a 
the second flash and a pixel above the second flash is assigned a gray value indicating no portion 
of the pixel is covered by a feature; and 

writing on the mask a portion of the pattern represented by the second flash. 
5 . The method of Claim 4 further comprising: 

prior to said receiving a second flash in the upper overlap region, receiving a third flash 
in the upper overlap region, wherein a pixel in a the third flash is assigned a gray value 
indicating a portion of the pixel is covered by a feature; and 

writing on the mask a portion of the pattern represented by the second flash. 



15 6 - The method of Claim 4 further comprising: 

after said receiving a second flash in the upper overlap region, receiving a third flash in 
the upper overlap region; and 

writing on the mask a flash comprising no portion of a feature in the region of the mask 
represented by the third flash. 

20 1 
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